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Mcasured Performance of the GTA RF Systems*

Peter M. Denney™ and Stephen P. Jachim ‘!
MS-HR27, Los Alamos Natonal Laboratory. Tos Aliimos, NM 8754

Abstract

T'his paper describes the perforiance ol the RE svstems
on the Ground Test Accelerator (GEA), The RE system
architecture is briefly desenbed. Among the Rl pertormance
results presented are RE field tlatness and - tabihity, amplitude
and phase control resolutica, and control system hiandwidth
and stability. The rejection by the RE systems of beam-
induced diswrbances, such as transients and noise, are
anaiyzed. The observed responses are also compared to
compuler-based simulations of the RE syswms tor vilidation.

I. INTRODUCTION

In recent months, an exp riment was performed on GTA
which resulted in the successtul commissioning of the 32
MeV accelerator (1] The measured pertonmance ot the R
control systems with and without beim disturbances will be
presented.

II. RF SYSTEM DESCRIPTION

Much has been written in the literature regarding the
design of the RE control system tor (VA [2-5]. For case of
understanding  the measurements, however, o brief
explanition of important concepts is 1 order,

Figure 1 shows 2 block diagram of the "baie-bones™ RE
system operiting i closed loop control. Additional modules
can be ancorporated for improved performance [6-10],
howev r, that is bevond ihe seope ot this paper.
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Figre 1 Block Diggrram of the RE Control System

1 he unplemeniion used 1o achieve the o/ 0S% and of
dN depree cion specitication tehes on the contiol of the i
phase thand quaddiie phase (O) componems of the cavity
el These otthogonal componenmts, “F il T and "Faeld O
e haseband sipnals which e repulatad independently
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viaa the I Controller and Q Controller. respectively. Regulaung
the "Field I" and “Field Q7 vectors imphies that the RE cavay
ficld vector is regulated 1o the same degree. Plas assames,
however, that the transfer function of the sense loop tcihie
between the cavity and Downconverter, the Downconvernter.
and the Vector Detector) reminns constant. Sance the phase
stabilized cable has not been implemented thus tar [6], long
term phase stability can oo he assumed. Thas, all the
measurements presented in this paper will address short term
stability. The "Ficld Amplitude” and "FField Phase” stibiiny
can be denved using the fosowing simple equations.

"Field Amplitude” = SQRT ( "Field I"S+ Field Q"2 ) (D
"Field Phase” = ArcTAN ( “"Field Q" / "Ticld 17 ) )

As an independent verification of the "Field Amphtude”
stability, cavity field signals from vanous pick up loops were
measured by Envelope Detectors producing . "Hield
Amplitude” signals, as well. To avoid contusion, however,
“Iicld Amplitude” measurements will be adentutied as
Envelope Detector or Vector Detector measurements

1. TEST RESULTS
A. Waveform Diginization Measurements

In order to analyze vatous control patiumceters ue o hing
noise rejection, a waveform digitizer was cmplosed  The
digitizer possessed 4 synchronous datay channels which
allowed  beam and R data 10 be measuted
simultancously. the sampling rate wis S MNamples woand
us resolutton was 12 buts Gilthough us etfecnve resalution
wits only 9 bits due o noise), This provided measnrement
capability of 2.5 MUz bandwidth and #/- 7 resolution ot
tutl scale signal, Since the "Field 1" and haeld O
measurements needed to be resolved o withion v 10 1o
noese aalysis, this was clearly a limnng facior P erunaten
however, the "L oop Error™ and "Q T oop Faoe™ ayials wore
magmticd by a Gacior of 1O belote bemg seat to the diniiea
sothe "Fachd 17 and “Fawld Q7 spnals conld be derived o
O 04 % psaag the lotlowing equations

dar

“Freld 17T Setpomt™ - T oop Faros b
“Taeld QF - TQ Setpom” QT oop Lt Ch
Fipune 2 shows synchionously tiken data ot the B
“Heamom” L the REOQ "TFaeld Amphtode” and 7k Vo
Lreon™ The REF bt was denved trom the Veotor Doy
siptniads Fable T ommmanizes the chanctenistios of tn T bl
Amphtade” and “Faeld Phase™ chaeacteneties Lo fah
REOQ and DT T RE sysiems
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Figure 2. Synchronous Wavetorms of the REFFQ "Beam IN”

(comverted to ma), “Field Amplitude” and "Field Phase”.

Table 1. Characteristics of REO and DYIT.1 RI sysiems
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Figure 3 expands the waveforms of figure 2 from 2(0)-
400us. Clearly, the amplitude and phase signals contion nose
at frequencies ot S0 100 KHz. The beun signal clealy
contains high frequency noise but, by inspection, it is not
obvious whether there s any correlation between the beam
and RE Cross spectrum analysis was pertormed which
mdicated some cotrelation ar 56 KHz Figure 4 shows "Field
Amiplitude” and "Field Phase Foror” wavetorms without
beam. The noise is reduced considerably, however, the same
bequency components are present Open Joop tests did not
reveal any noise at these treguencies, but the sensitivity was
only o/ 1% Table ) shows measured disturbancee rejection ot
the REQ and DI L closed loop systems Interestingly, the
REC) contion sysic i is most semsitive o nose at 25 100 K11,
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Figure 3. Data from figure 2 expanded from 200-400us
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B. Ningle Nample + Pulse Measurements

Fquipped wiuh 12-bit A/D converters on the Vector
Detector and Enselope Detector Modules, the "Field 17,
“Field Q. and various “Ficld Amplitude” signals were
synchronously sampled at a single point Junng the RE pulse
A sigle snapshot consisted of 15 consecutive pulses. By
merementing the tmang along the RE pulse. The ficld Qamess
wils measured  Figure S shows the Tatness of the D171
"Field Amplitude” without beam as measured trom the
Lnvelope Detector. The statisaes are summarnzed in Table 2
tor all 4 RI7 systems. Please note that the amphitude values are
nomulized and the mean values are relative w the setpoints.
Since the Bavelope etector readings were normalized o the
mean value, its mean is equal to unity. Also, STL represents
standard deviation. Table 3 gives the statistics w .th beam.
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IV.SUMMARY

To summarize, all RE control systems exceed the
periomance specification with and without beium present m
the cavities As expected, the amplitude and phase errors are
greater wath beiun preseni, however, 1t s unclear as 1o how
much of the added noise is due to beam noise or increased
forward RIF power. Further testing using more accurate
witvefonn digitizers is necessary. to quantity the correlations,
The data presented. however,  clearly sbow that the RE
control system behives as a bandpass filter wr € nose.

Giood agreement of the standard devitions wis noticed
between the REFQ waveform digitization measurements and
the single sample / pulse tests. Also, excellent agreement ot
the standard deviations between Vector Detector and
Envelope Detector "Field Amplitude” data exast This venties
the accuracy of the measurements.

V. ACKNOWLEDGMENTS

The authons would like to thank the following individisils
tor their assistance and patience along the way: B Atkins, D
Barr. §. Bowling, R. Cole, €. Gewik, D, Cilpatrck, M
Jenkins, K. Johnsoun, 1. Kerstiens, J Power, A Regan, O
Sander. B, Weiss, A, Young, and C. Ziomek.

VI. REFERENCES

11} K. I° Johnson et al., "Commissioning ot the Fast Dbt
F'ube LINAC Module in the Ground Test Accelenor”, Frro

IEEE Parcle Accelerator Conf., 1993,

12) S P Jachun, "Some New Methods of RE Conrol,” e

LINAC Conf., pp. ST3-577. 1990,

1M S, P Jachim et al,, "The Los Alamos VXTI Boesed
Modular Rl Control System®, Proe. TEFL Parocle
Accelerator Conf, 1993,

(4] S. P Jachim and E.F, *atter, "Beam Foading aed Casiaty
Compensation tor the Ground Test Aceelertor”, Proc 1HTE
Parncle Aceelerator Conf., pp. 1K70-1873, 1059

IS] A, I Regam and P2 ML Demney, "RIE Reterene
Generition tor the CGround Test Acceelerot™, Proe 11 EFE
Farticle Accelerator Conf., 1991,

(6] S Jachin, et al, “A Phase Stable Transport Sysiem’™,
Proc Neatral Paracie Ream Fech, Symp 1RO

[7] C. D Ziomek, S P Ewhinm and B Nadter, "Design of .
Multivintable RE Contral System Using Cean Stugnng an the
Frequency Domain®, Proc IFFEF Particle Acoelenaor Cont
I, pp 191

R C D Zwoek, "Adapuive Feedtorward an the | AND RI
Control System™, Proc LINAC Cony' 199!

M1 Faton, S Lchin and Fo Natter, "An Adaptive Connol
Lechique tor Aceelennons Using Dagitad Sopnal Processany
Techmology™, Kecords of the Furophysies Confereng e on
Control Sstems for Faperorentadl Phivaes, 1987

IO} C D Zwomek er al, "Resalis of Adaptse Teedionw ad
oG LA Proc 1HEE Parncle Acoeleraor Coog 10900



